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Appendix B 

MA- PEJLMuTATlONS 

[NASA-CR-181596) DATA MAPPING A N D  B O T A T I O U  
FUNCTIONS FOR THE HASSIVELY PARALLEL 
PBOCESSOR ( C o r n e l 1  Univ.) 8 p 
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The relative dbtanca to b moved an then rpsc16ed by 

rr*Gidr)malNOll: 
t C  * ( d c )  mai ncd; 

In a pamutauon the data m y  basiufted u1 any of the four 
quaIranu ~n order '9 mch a e d  demnauoa However. ~n 
the followlng alpontbmr only puvs data rhrfo am COM~ECUL 
LL u thc up and left dmcuons 'Ibr ocher thrm quaIranu M 
covered by u¶ag modulo anchmeus for sur dsmnce ca lcu lau~~  
and uaplunanung dau DIoveDIcnt with thr muuon funcum 

ptea a m d e d  heuru(ls algorithm which check8 all four qua- 
drants and mova ~ 1 1  the opumal duscuon. Fewer data shift opera- 
'ions am required but the overhead dun to checksg alrernruve 
~ L T ~ C ~ I O P I  13 siga~6caatly higher. 

Whch uulrta the end u u d  & COMeCUOU. We have U L V ~ I -  

Tkh alpnthm 13 barndrd by n2 itdnt~ms HoweVer. thu 
murr ba c o r n a d  a l o a  bound anca wu currently do not know 
a prmuurim whch would requm dl n z  itemuop~ The a l p -  
r i c h  rrqura one nerauon for a ~ U M  mgle element shd: per- 
nutauon but n-1 o p r a u o ~  for a negauve shdt m the mum LI 
10 the wrong ~ I I U X I O I L  

.-Ugonthm Cost 

The EDSI of *he ouve algonchm IS pmpomonal to the aumbat 
of mute o p e m r a o ~  IA n* ( the EDSI of a OM eknent  rotate 
optatlon p~ur m comparmn oprauollr X The heunsuc a l p -  
nthm har two m a p  cos cornponenu : thr mate  opemuorn Y 
noted Won a d  the 0 redufpon funcuonr The reducuon 
?ylcuorn are usad fo ;ompuce ;he sulu-alement dmaace For 
noves In the tables for the performanca of the alpnthm. both 
the rocal number of element mum and the %tal numkr of 
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62 62 
225 240 

529 2292 
sa9 1631 
993 

7s 992 2946 
90 - 

The perfect shurtle is an example of a prmuraum which 
d c u  not exhibit the locality p m p r t y .  The number of a1 orithm 
itcntionr needed to implement shuaes directly is (n - 1 3  How- 
ever. rhe seprability property of the two dim&ml ohudle is 
not king uad If we ua the mprmuucim algorithm to the pr-  
mutation in two spesr io 6nt s h u a  the man q&then s h a  
the c o l ~  th.n n - 1 iterations am needed for each pnnuU- 
tion. Therefa th prfecr s h u a  whan implemcntcd directly 
has complexity O h ? ,  but when computd in Ova Jcaga3 the &lp 
rithm ic much mora effarive and haa Oh) complexity. The 
nsulo of implementing chr **act shua  aa twu secporabla 
shu!3a am also given in Table JIL Table IV rhoan the r e d m  of a 
mdom pamuution: this dsmonxratas rhot the &eurixic is not 
cfcctiva when the mapping doa not the locality pmpity. 

TXBLE N: Permutation M for a random m u t a t i o n .  

Random ptrmuation 

1 
f 
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/anpi. of rotatian 

0 

~ j0 
1 45 60 

7s 
90 

I 
; 15 

placement argument% tL. the pnrmuva mcm rotate and r a t  
f u n c u o ~ ~  however. m thLI case the array argument u a four 
d m e m d  array which u mared Lke a ionceptually @p 
matnx. 

.hay program u11 bs converted to o-te on blocked 
rather ihan conventional mmco by nmply repkung all 
.nstanca of rotate and shrft w ~ t h  koate and Lhrft ~ W I Y .  
Thu u true for the parmuauon prognuru praanraQ however. m 
the a n  of tha heuruuc pannutauon algorirhm. thu IS not a verp 
cfiaenr soluuon. .A better method u io scan ihrougn the mult 
blocb and prfonn pannuuuopr on only the mpur bloclrc that 
contribute to the current result block bung pmcencd ' h s  a l p  
nthm u shown below. 

Perm2 rygs Pr= . 
rocaum reductions rotatiom reductimr 1 

657 703 6768 7164 , 13 3 0 0 

1050 1302 7616 10704 
1389 1834 8352 13152 
1702 2329 68% 11248 
1931 2569 4112 5808 
2686 2971 1856 1408 

P a m 2  u the haunxu. a l p n t h  pnmnted p w m l y  mth 
tho mod&atum that tha uuual ma& valw u pIlad asan argu- 
nenL Th.c u only elemmu m k c d  by tha mnk am pnnuted 
An a d d i W  @up w achmvcd by rhu smca thr haunraS 
worb much betta when only arutmt of elemanu are f o b .  pr- 
mu- 

Table V sontam the m i u  of the rouuon mapplng for the 
case when a 32 x 32 ~ V L I  ucozmderd toQIIwuI. of 4x 4 bI& 
of 8 x 8 elemenu The Large Perm mulu ace from unng the Iro- 
'ate apprmcn and the pnnl results am for tho block aaanmg 
alJ0rlthm. 

374 7616 7552 
30 101 1 

;MATILIx POTATION 

One app lb t im  of the prmut.tim funcdon u mapit ma- 

neighbor. bilinaar interpolation and bicubic interpolation. A rot&- 
tion u rpcifkd by chra p u r m ~ n  : the location of the origin of 
rotation G d d  and the mcrtionaagle 6 . TIM sarcin3 pint of all 
mauon aigorichmr b the generation of the mppin$ ma- r and 
cfmmthaaprsmnat  

tion mrppin3. T h r ~  rotatia~ technaquu am conridcnd : Almrat 

Yearut neighbor 

The nearat neighbor algorithm b simply an inm mappin3 Ln 
which a r a r l t  element u apigned tha v a l u  of the nearuc rotated 
mmx elemear. In this caa the new row and column cmrdinara 
.namce% r and c rn d.&Md as follows 

r [ i , j l  -mund((co- j ) n i r ( 8 ) + ( i  - r o k o d 8 ) + r ,  ) 

c [ i . j ]  - m u n d ( j  - c & 0 1 ( 6 ) + ( i  - r ~ n i r ( 6 ) t c 0  

for ail i and i; any value of the mult which have near neiyhbon 
ouuide the range of the input mvix am me to M 

h priormin3 a mutiop somo e l e m u  of the d t  ma& 
ye rotated and some elenrnu am salecud which are ou& of 
tho input mapit  In cur algorithm d t  e l e m u  for rhs la- 
CJI ace simply d to z a u  Thednm we have a m u u z i m  m 
ahich 3 sutmt of the input ehmenu map into a s u b t  of the 
result elements the of them olbru de-& upon the q l e  
and origin of the rotadQ TIM roution b acbiaved by using th. 
valid elemonu of r and c with the Lurirdc pamuutim ago- 
rithla. 

5 m p l a  of n m  neighbor motiao am shown in Fig. 1. 
for an 8 I 8 ma* with the origin of mution l a a d  at (1.11 
For a small an310 of matian morr of the nsulu have valid 
nappd vatucs however. rho hourkriE algmchm b varY efective 
for rhir cam bsf.rus tbsn b little movement of the damor rr and 
u are the SM. for may elements 

When the m u t i o n q l .  u larp Cure b a locof datamu- 
:angcmmt but only a few slemanu am to tm moved with the 
rotation l o a d  a: (1. I X  For the naive algorithm 49 icer6tiona are 
aeeedcd for all mt~rionr 

a i i i nw hrerpohtion 
For the bilinear interpolation algorithm a rault element 3 

computed from a weighted sum of the four rotated rnput mati+ 
elemenu which surround i r  There are t w o  poslble appmchu to 
!mpirmentiag thir shemc Fins we can compute four pnnuu- 
:ion$ each permutation aquinng one of the four neighbon for 
each elemenL Thir u called mrrlriph p c r W d O r r  

The second method la to pn'onn one prmutauon and then 
jeer :x :cui  zcighborhood of the routed Qpur 3- iix ;?e 
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11 12 13 14 1S 
21 22 33 24 21 

41 42 43 44 A3 
51 32 s3 s4 ss 
61 62 63 64 SS 
71 4 71 14 7s 

31 n 33 Y 3s 

81 a2 (13 Y Y 
Input Manix 

16 17 :a 

36 31 31  
26 21 M 

46 47 Y 
S6 S l  S I  
66 s i  sa 
76 11 73 
56 31  S I  

1 1 0 0 0 0 0  
2 2 1 2  0 0 0 0 
22 23 14 0 0 0 
1 3 2 4 2 1 1 S  0 0 
l a U 2 1 2 6 1 1  0 
SS U 36 21 27 16 
SS 5'6 41 31 2.3 0 
s n s t ~ s  o o 

udeglwroptirn 
35 itentima 

0 0  
0 0  
0 0  

0 0  
0 0  
0 0  
0 0  
0 0  

1 1 1 3 1 3  0 0 0 0 0 
21 22 23 14 1.7 16 I7 ld  
31 32 31 24 '3 26 21 26 
42 43 43 Y u 36 37 3.3 

62 63 6* ss 56 s7 sa o 
52 s3 s4 4s 46 41 Y 0 

72 73 74 6S 66 67 68 0 
82 53 b4 7s 76 71 76 0 

10 degree mtauon 
5 ircrauoar 

11 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 
13 0 0 0 0 0 0 0 
14 0 0 0 0 0 0 0 
1s 0 0 0 0 0 0 0 
16 0 0 0 0 0 0 0 
11 0 0 0 0 0 0 0 
IS 0 0 0 0 0 0 0 

9odegrsaroation 
14 itantimu 

d 

I I  
rf l  I 

P1 *- ' PZ 

I-' P 
P3 = P4 

r w r,,,,; 
c : = c k ~  
b :- uxf 1 * ;xrm(a. r,  ck {value of top left neighbor 1 
c : - c + l :  
b :- coef2 ptm(cr r .c) c b: 1 valw of top right 
neighbor I 
r : =  r + 1 ; 
6 :- c0u.3 ' p d s  r, c )  + b; 
neighbor I 
c r c - t ;  
b :- &4 p d a .  r. c) + b; ( valua of bottom l e f t  
neighbor } 

value of bomm right 

end; 



T1 * F2 * c p P 3  P4 ' 

0 
1s 
30 
45 
60 
7s 
90 

P8 * ?S * P6 '- LpbP7 * 
I /  
I *  P 

P9 PI0 ' +pc P11 * P12 ' 

rounms reductions /muticas rea t ions  
1640 6a4 1631) 260a 
1302 
1463 E 1::; 1 
1900 2003 13300 23668 
3510 2674 16341 34371 
2298 26S1 1631s 33921 1 
2245 2501 16360 31664 , 

713 ' P14 ++PIS * PI6 ' 

Test R e d -  

, Double prm. , ~luluple perm. I 
Iangl~  of mrauoa , 1 

iroaum :eductioas imauoaa reductions I 

30 I 
s2S ' 72:; 11132 , IS 1109 1203 

1802 

0 552 

I 9723 20389 
I 4s , 1841 2334 1 1181s 29104 

50 2154 2929 I 13793 37047 
i s  1383 3169 15316 42586 
90 1 2538 3471 1 15872 17088 1 i 

4 
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10446 7900 I 
13589 i5717 
16378 23359 

I 16375 24331 
16319 16384 
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RESULTS USING THELMPP 

The raulta for 32 x 32 mcncci repwrcd UI thu paper were 

:el pyol UIW scandard Parul for prqlnun development [41. Some 
of theas fuasuoarhaveaLa been w o n  t.!u W . m  thucp~ for 
1 12.8 x 128 m y .  In Table XI and Tabla XlI ruults for near 
neighbor mtrMnr are gvea and KI tabla X m  and XN reaul0 for 

ab- Wth a PUallol P-1 T r a ~ l a U r  whch k l -  

bllinbu mrarpolrmn mtmnJ am given. 

Tabla XI: Car for a nmr neighbor muuon on a 
128 I 12.8 ma- cantered at 1 1. 

Table .W Cost for a bilinear mterpolation muuon on a 
126 x 128 ma- cantered ac 1 1. 

,Maemm9timmappingcorr 
of muzion 

muciopr d u c d O l U  
0 101 25 

1s 9009 7555 
30 15689 14107 
4s 21246 20024 
60 26228 21192 
I5 30023 23893 
90 32614 32410 

G-4 
2 - 32 by 32 mamx centered at  (1.1) - 12.9 by 128 m a m  centered at (1.1) 2 - 32 by 32 m a w  centered at  mtm center 
y 

2 
d 

- 128 by 128 mamx centered at nucns center 

J !d 29 36 -e $3 72 39 

.4ngla KI Dcgrea 
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Table XN: Cac for a bilinarr insorplation rotation on a 
12.3 x 128 maerix centered at 64 64. 

r .M.oix rota- mapping M 
Angle cd m o t h  

rotat 
0 1 

It is les suitable when the prmvradon or napping b denr 
and doa not have the IoCaLi~  pmprcY. The CffecuVeneS O f  tbir 
alporichm over a naive algorithm depend upon the qstem imple- 
senrauon pprama- and the size of -&e data to be manipuhted. 

An effective rahnique for ma& mtatim inmpohtion haa 
Occn pmntal which involva a local scarch xhcma Exculleat 
results have bsan obtrincd aspscully for bicubic interpolacilnl. 
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